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Abstract 
The use of a double-layer coupling circuit and additional patch conductors is proposed for improving the power handing capability 
of high-power high-temperature superconductor transmit filters with stripline (SL) structure. A double-layer coupling circuit is 
formed through the substrate between the edge of the resonator and the end of the feed line. This reduces the current concentration 
compared with that of a conventional gap-coupled circuit due to the large gap between the resonator and feed line of the double-
layer coupling circuit. The additional patch conductors (placed in the upper layer of the resonator edge) improve the power 
handling capability by reducing the local magnetic field concentration. The current density distribution of two-pole SL dual-mode 
filters with a 5.0-GHz center frequency and 100-MHz bandwidth and with an Al2O3 substrate with a relative dielectric constant of 
9.9 was investigated. An electromagnetic simulator based on the moment method was used to design the filters, and the maximum 
current densities at the edges of the resonator as a function of frequency were simulated. The results showed that the maximum 
current density in an SL filter with a double-layer coupling circuit and patch conductors was approximately 30% less than that of 
the conventional gap-coupled filter.
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of ISS Program Committee. 
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1. Introduction 
High-temperature superconducting (HTS) filters are effective for using frequency resources efficiently. This is 
because they have both low insertion loss and sharp skirt characteristics due to their very low surface resistance. 
However, the input power that can be handled by most HTS filters is limited, which restricts their practical use as
transmit HTS filters. Their power handling capability is limited when the current density in the filter exceeds the 
critical current density of the HTS thin film. Therefore, many types of resonators have been developed to reduce the 
current density in HTS filters. They include the sliced microstrip-line (MSL) resonator [1], and the MSL dual-mode 
resonator [2], [3]. The sliced MSL resonator is effective for designing filters with many poles, but its high-power 
handling capability is insufficient. The MSL dual-mode resonator has sufficient high-power handling capability, but its 
size and nonadjacent modes make it difficult to incorporate in a practically sized filter. We previously reported a 
miniaturized dual-mode patch filter with a stripline (SL) structure that has weaker coupling than the conventional MSL 
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structure [4]. However, the power handling capability of the filter is degraded due to current concentration at the 
narrow gaps between the resonator and feed lines. 
We have developed a transmit HTS dual-mode SL patch filter with a double-layer coupling circuit and additional 
patch conductors that has improved power handling capability. We investigated the simulated maximum current 
densities at the edges of the resonator in this filter and those for such a filter with a conventional gap-coupled circuit. 
We found that the current densities were lower for the filter with the double-layer coupling circuit. The additional 
patch conductors were placed in the upper layer of the resonator edges and decreased the local magnetic field 
concentration. This reduced the maximum current density at the edges of the resonator, which improved the power 
handling capability of the transmit filter. 
2. Tow-pole dual-mode filters 
2.1. Filter design 
We designed a two-pole dual-mode SL filter with a double-layer coupling circuit and one with a conventional gap-
coupled circuit to investigate reduction in the maximum current density due to using a double-layer coupling circuit. 
Cross-sections of the two SL structures are shown in Fig. 1. The conventional filter has the resonator and feed line in 
the same layer and has a narrow coupling gap due to the weak coupling of the SL structure. This causes the current to 
concentration at the coupling gap, which degrades the power handling capability. A larger coupling gap is thus needed 
to improve the power handling capability. We propose using a double-layer coupling circuit, which can widen the gap 
between the resonator and feed line. A double-layer coupling circuit is formed through the substrate between the edges 
of the resonator and the end of the feed line. This reduces the current concentration in comparison with that of the 
conventional gap-coupled circuit due to the large gap between the resonator and feed line of the double-layer coupling 
circuit. Therefore, using a double-layer coupling circuit can improve the power handling capability. 
The filters were designed using an electromagnetic (EM) simulator (Sonnet Software Inc.) based on the moment 
method [5]; they had a center frequency of 5.0-GHz and a bandwidth of 100-MHz. An Al2O3 substrate with a thickness 
1.0 or 2.0 mm and a relative dielectric constant of 9.9 was used in the simulations. Figure 2 shows the configurations 
and simulated frequency responses of the filters. The black portions of these patterns represent the upper layer of the 
resonator in Fig. 2 (b). The dual-mode patch resonator has two resonant modes corresponding to the area of the 
triangle that is cut from the corner. The coupling between modes 1 and mode 2 is controlled by the size of the corner 
cut. The two edges of the patch resonator, which have the maximum current densities, by mode 1 are referred to as 
“mode 1-1” and “mode 1-2.” The other two edges, which have the maximum current densities by mode 2, are referred 
to as “mode 2-1” and “mode 2-2.” As shown in Fig. 2 (c), the simulated frequency responses were in reasonably good 
agreement with the design parameters. 
2.2. Maximum current density 
The maximum current densities of the double-layer coupled filter were determined using a Sonnet EM simulator. 
The software assumes that a 1-V sinusoidal source with 50-Ω impedance drives the two-port microwave circuit; the 
resulting current density data was therefore normalized to 5-mW input power. The software subdivides the filter 
circuit into “cells” of finite size, which is an important factor in the simulation. Accuracy and current density can be 
improved by reducing the cell size; however, the computation time is significantly increased. A cell size of 12.5 × 12.5 
μm was used in the simulation as a compromise between computation time and accuracy. The key to increasing the 
power handling capability is to reduce the maximum current density of a filter for the given input power [6], [7]. A 
zero-thickness (ideal) conductor model was assumed for the superconducting layer. 
Figure 3 shows the maximum current densities at the edges of the dual-mode SL filter with the conventional gap-
coupled circuit and the proposed double-layer coupling circuit as a function of frequency. As shown in Fig. 3 (a), with 
the conventional gap-coupled filter, the maximum current densities for modes 1-1 and 2-1 at the coupling gap were 
approximately 30% more than those for modes 1-2 and 2-2. This is because the local magnetic field concentration was 
higher due to the narrow gaps between the dual-mode patch resonator and feed lines. As shown in Fig. 3 (b), with the 
double-layer coupled filter, the maximum current densities were lower than those with the conventional gap-coupled 
filter because the double-layer coupled filter does not have a narrow gap. At the center frequency in particular, the 
maximum current density with the double-layer coupled filter was 23% less than that with the conventional gap 
coupled filter. 
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                                                                                    (a)                                                               (b) 
Fig. 1. Cross-section of stripline (SL) structure with (a) conventional gap-coupling circuit and (b) double-layer coupling circuit. 
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Fig. 2. Configurations of two-pole dual-mode patch filter with (a) conventional gap coupling circuit and (b) double-layer coupling circuit. (c) 
Simulated frequency responses of these filters. 
However, the maximum current density for mode 2-2 was approximately 12% more than that for mode 2-1 with the 
double-layer coupled filter and those for modes 1-1 and 2-1 lower than that for mode 2-2. This was apparently because 
the feed line placed in the upper layer reduced the local magnetic field concentration. Likewise, the additional patch 
conductors placed in the upper layer, as shown Fig. 4 (a), should reduce the maximum current density for modes 1-2 
and 2-2, because these conductors are on the same layer as the feed lines. 
Figure 4 (b) shows the maximum current densities at the edges of the resonator in the double-layer coupled filter 
with the additional patch conductors. The maximum current densities for modes 2-2 and 2-1 were the same, and were 
approximately 12% lower at the center frequency than those for the filter without the patch conductors. A double-layer 
coupled filter with additional patch conductors can thus be expected to have approximately twice the power handling 
capability of the conventional gap-coupled filter. The double-layer coupling circuit and additional patch conductors 
decrease the local magnetic field concentration at the edge of the resonator and thus reduce the maximum current 
densities. 
100
200
300
400
500
100
200
300
400
500
4.96 4.98 5.00 5.02 5.04
Mode 1-1
Mode 1-2
Mode 2-1
Mode 2-2
Cu
rr
en
t D
en
sit
y 
[A
/m
]
Frequency [GHz]                
100
200
300
400
500
100
200
300
400
500
4.96 4.98 5.00 5.02 5.04
Mode 1-1
Mode 1-2
Mode 2-1
Mode 2-2
Cu
rr
en
t D
en
sit
y 
[A
/m
]
Frequency [GHz]
 
                                                                    (a)                                                                                                   (b) 
Fig. 3. Maximum current densities at edge of resonator in two-pole dual-mode patch filter with (a) conventional gap-coupling circuit and (b) double-
layer coupling circuit as a function of frequency. 
Units: mm 
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Fig. 4. (a) Configuration and (b) simulated frequency response of two-pole dual-mode patch filter with double-layer coupling circuit and additional 
patch conductors. 
3. Conclusion 
We have proposed using a double-layer coupling circuit and additional patch conductors to improve the power 
handling capability of transmit high-temperature superconducting filters. The simulated maximum current densities 
for a filter with a double-layer coupling circuit were lower than those for a conventional gap-coupled filter due to the 
reduced local magnetic filed concentration. Furthermore, the maximum current densities of a filter with both the 
double-layer coupling circuit and additional patch conductors were lower than those of one without the additional 
conductors. These results indicate that the double-layer coupling circuit and additional patch conductors improve the 
power handling capability of transmit high-temperature superconducting filters. 
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